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Abstract: Liver transplantation is a complex procedure that requires multiple evaluations, including
abstinence monitorization. While literature assessing the impact of different variables on relapse,
survival, and graft loss exists, little is known about the predictive capacity of direct alcohol biomarkers.
The primary aim of this study was to evaluate the prediction capacity of direct alcohol biomarkers
regarding patient survival and clinical relapse. We hypothesized that patients screening positive for
any of the experimental biomarkers would show an increased risk of clinical alcohol relapse and
death. We conducted a retrospective data recollection from medical files of patients awaiting liver
transplantation, who were at baseline screened with Peth, EtG in hair and urine, and EtS. We tested
the prediction capacity of the biomarkers with two Cox-regression models. A total of 50 patients were
included (84% men, mean age 59 years (SD = 6)). Biomarkers at baseline were positive in 18 patients.
The mean follow-up time for this study was 26 months (SD = 10.4). Twelve patients died, liver
transplantation was carried out in 12 patients, and clinical relapse was observed in eight patients. The
only significant covariate in the Cox-regression models was age with clinical relapse, with younger
patients being at greater risk of relapse. This study could not find a significant prediction capacity
of direct alcohol biomarkers for mortality or clinical relapse during follow-up. Higher sample sizes
might be needed to detect statistically significant differences. All in all, we believe that direct alcohol
biomarkers should be widely used in liver transplantation settings due to their high sensitivity for
the detection of recent drinking.
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1. Introduction
Liver transplantation is a complex procedure that requires multiple evaluations before
and after the surgical replacement [1,2]. In alcoholic cirrhosis, abstinence monitorization
can be considered one of the key assessments [3,4].
Graft loss and increased mortality have been postulated as the main reasons sup-
porting the need for complete abstinence [5,6]. In this respect, previous literature clearly
supports the link between alcohol relapse and a worsened prognosis [5]. This also explains
the introduction of the 6-months rule [7].
Abstinence assessment relies fundamentally on both self-reports and biomarkers,
wherein information provided by the two must be taken into account. Regarding biomark-
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ers, direct alcohol ones have widely replaced the long-standing indirect biomarkers, since
they have repeatedly shown a much better validity, with increased specificity and sensitiv-
ity [8–10].
The overall impact of abstinence on liver outcomes seems to be clearly defined [11,12]).
Notwithstanding, the individual significance of a positive alcohol screening during the
evaluation procedure remains to be elucidated. While abundant literature assessing the
impact of different variables on relapse, survival, and graft loss exists [13–18], little is
known about the predictive capacity of direct alcohol biomarkers, a fact not exclusively
related to LT populations [19].
Based on a previous study where a cohort of liver transplant candidates were transver-
sally evaluated with phosphatidylethanol, EtG, Ets, and hair EtG [20], here we aimed
to prospectively evaluate the prediction capacity of biomarker results regarding patient
survival and clinical relapse. It is important to note that the biomarker results from our
previous study were not made available to either patients or professionals. This means our
results did not influence the natural evolution of the process. We hypothesized that patients
screening positive for any of the experimental biomarkers would show an increased risk of
clinical alcohol relapse, death, and graft loss in case of transplantation.
2. Methods
2.1. Study Design and Subjects
We performed a retrospective data recollection from patients’ medical files. Subjects
were alcohol use disorder patients undergoing psychiatric evaluation before being included
in the liver transplant waiting list. Importantly, having been deemed suitable for liver
transplantation did not mean that the procedure was imminent, but depended on patient
clinical status and evolution. This study was approved by the local IRB.
2.2. Procedure and Outcome Selection
At baseline, patients completed the AUDIT-C and the TLFB for the previous month.
The AUDIT is a 10-item screening tool widely used to assess drinking amount, frequency,
and consequences. For screening purposes, a cut-off of 8 is normally established between
low and medium risk. The TLFB is a calendar method used to retrospectively record all
the alcohol units ingested in the preceding 28 days. Both instruments have been widely
validated in addiction and hospital settings [21,22]. Patients provided a hair sample (if
available), a urine specimen, and a blood sample. In urine, EtG and EtS were investigated.
EtG was also evaluated in hair. PEth was measured in blood with dried blood spot cards. A
complete report of the methodology for biomarker assessment can be found in a previous
publication [20]. Experimental biomarker results were not made available to the patient or
the treating professional.
After the baseline assessments patients continued to receive their usual treatment
and appointments related to the liver transplant procedure (which usually includes EtG
testing with immunoenzymatic assays). Patients also kept regular appointments with
their regular psychiatrist and/or psychologist as part of their routine treatment. For this
follow-up study, the following variables were collected from patients’ medical records:
survival status, whether or not patients had a liver transplant, and whether or not patients
relapsed into overt alcohol drinking. Alcohol relapse was operationalized as any sign in
the patients’ medical records suggesting alcohol intake, i.e., a positive self-report, a positive
biomarker, or a visit to any medical service due to alcohol consumption.
2.3. Statistical Analysis
We conducted a survival analysis as the main methodology of the study. We were
interested in the prediction capacity of the biomarker results for both mortality and relapse
rates. Therefore, we conducted two Cox-regression models. In the first, survival status
(dead/alive) was the dependent variable. Included covariates were age, sex, biomarker
positivity at baseline (considered positive if any of the direct biomarkers used were posi-
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tive), and a history of drug use. For the second model, clinical relapse was the dependent
variable. The included covariates were the same as in the first model.
3. Results
The baseline sample comprised 50 patients, consecutively included between December
2017 and October 2018 (mean age 59 years (SD = 6); 84% were men). A total of 13 partici-
pants had HCV (26%), and one participant had chronic HBV infection. HIV was present
in two patients, and a lifetime history of drug use was recorded in seven patients (14%).
Regarding smoking, 13 patients had never been smokers, 16 patients were current smokers,
and 21 were ex-smokers. Meld scores ranged from 6 to 24, with a mean of 12.8 (SD 3.7).
At baseline, self-reports were positive for recent alcohol intake in three patients (6% of
the total sample). Biomarkers were positive in 18 patients (36% of the total sample). The
most frequently positive biomarker was EtS (13 patients), followed by EtG (6 patients) and
PEth (5 patients).
The mean follow-up time for this study was 26 months (SD = 10,4). During that time,
a total of 12 patients died (Table 1 lists the causes and times of death). Liver transplantation
was carried out in 12 patients. None of the deaths occurred in transplanted patients.
Clinical relapse was observed in eight patients. All eight patients were male, and none of
them had a previous diagnosis of lifetime drug use. Of all relapsed patients, only one had
received a liver transplantation.
Table 1. Time and cause of death of deceased patients during follow-up.













Survival plots using the Kaplan–Meier method for both models according to positive
or negative biomarkers at baseline are depicted in Figures 1 and 2. Both log-rank tests
showed no significant differences (Figure 1 chi-square 0.350; p= 0.56; Figure 2 chi-square
0.44; p = 0.51) The only significant covariate in the Cox-regression models was age for
clinical relapse, with younger patients being at greater relapse risk. A detailed result of the
models can be seen in Table 2.
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Table 2. Cox-regression models.
Covariate Model 1 (Outcome:Mortality)
Model 2 (Outcome: Clinical
Relapse)
Age B = −0.2; p = 0.562 B = −0.27; p = 0.016
Sex OR = 3.5; 95% CI 0.28–45 OR = 26.7; p = 0.94
All biomarkers negative B = −0.6; p = 0.377 B = −1.06; p = 0.22
Ever-smoker OR = 1.8; 95% CI 0.49–6.6 OR = 0.9; 95% CI 0.15–5.5
Duration of reported
abstinence B = 0.007; p = 0.43 B = −0.02; p = 0.21
Lifetime drug use OR = 0.6; 95% CI 0.08–5.15 *
* No lifetime drug use patients in the relapsed group.
4. Discussion
This follow-up study did not find a significant prediction capacity of direct alcohol
biomarkers for mortality or clinical relapse into alcohol drinking. While the relatively
small sample size warrants precaution when interpreting these findings, it appears that
our results could be in line with previous publications suggesting that alcohol drinking
might not be the leading factor of mortality in liver transplantation cohorts [15,23–26].
Similarly, the duration of reported abstinence had no impact upon the study outcomes.
In fact, it has been suggested by previous literature that, in spite of having an impact on
short-term relapse outcomes, the duration of reported abstinence prior to LT might lose its
effects in the long run [15]
Taken together, these facts lead to one of the main controversies in alcohol-related
liver transplantation: the 6-months rule [27] First issued in 1997 by the United Network for
Organ Sharing (UNOS), it was strictly adhered to during the following years. However,
since the accumulated literature has failed to provide solid evidence supporting the 6
months period, most of the current guidelines approach this somehow arbitrary time frame
as a non-absolute contraindication for liver transplantation [28].
Despite the non-significant findings of our study, we believe it is important to highlight
the use of direct alcohol biomarkers in liver transplantation studies. It has been repeatedly
shown that, when compared to other traditional methods of abstinence assessment (self-
reports and indirect biomarkers such as MCV or even ethanol itself in breath or urine),
direct alcohol biomarkers noticeably increase the sensitivity for the detection of recent
drinking [10,29–31]. Moreover, the relevant of this fact has been shown for a wide variety of
populations, including alcohol liver disease [32,33] and transplantation patients [20,34–36].
Proof of this is the high discrepancy between the rate of positive self-reports at baseline
(with only 3 patients disclosing drinking) and the high rate of positive biomarkers (up to 18
patients with at least 1 positive biomarker). In this respect, it must be pointed out that most
of the studies conducted in liver transplantation populations have relied on self-reports
and traditional measures for abstinence assessment. Therefore, it remains to be determined
whether the accumulated evidence could indicate different conclusions if abstinence was to
be determined with more sensitive instruments. For example, they might allow redefining
some relapses after transplantation as covert drinking before the procedure.
Important limitations must be taken into account when interpreting the findings of
this study. First, the sample size might have been too small and the follow-up time too short
to provide significant results. This means that further studies with prospective designs
and sufficient power should be conducted to better understand the possible prognostic
significance of direct alcohol biomarkers. Additionally, this was a single-center study,
thus probably reducing its external validity. Finally, despite baseline assessments being
conducted with direct biomarkers, abstinence during follow-up was measured with clinical
records only. Furthermore, in many instances it was not possible to collect the amount
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of drinking. The results might have differed if direct ethanol metabolites had also been
applied at follow-up.
In conclusion, and similar to what has been reported in the previous literature, it
seems that abstinence prior to liver transplantation should be approached dimensionally
instead of categorically. While it seems reasonable to believe that the longer the abstinence,
the potentially better the outcomes, the relationship seems, unsurprisingly, far from math-
ematical. The widespread implementation of direct alcohol biomarkers and other new
technologies for the accurate assessment of abstinence and other relevant variables in the
selection process warrants further research.
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